A procedural modification of the AOAC Official Method for extracting light filth from ground oregano and ground marjoram was tested in an intralaboratory study. The modified method specifies isopropanol defatting, 975.49A(a), rather than chloroform-isopropanol defatting, 975.49A(b), followed by direct flotation as directed in AOAC Official Method, 975.49B(b). The modified method provided comparable results in less time while also providing safety, health, and financial benefits.
T he goal of this study was to compare the performance of the proposed method with that of the AOAC Official Method in an intralaboratory study. The proposed method contains a procedural modification of the official method for extracting light filth from ground oregano and ground marjoram. The AOAC Official Method 975.49A(b) specifies defatting the product 3 times with chloroform. The residue is then rinsed with isopropanol, which is followed by defatting once with isopropanol. After the defatting steps, the residue is washed with hot water, and the light filth is isolated from an aqueous solution with mineral oil. The proposed method follows the defatting steps as directed in 975.49A(a), which requires defatting the product 3 times with isopropanol. As in the official method, after the defatting steps the residue is washed with hot water, and the light filth is isolated from an aqueous solution with mineral oil.
The use of chloroform in the defatting steps of the official method presents serious health and safety concerns and is costly and time consuming. Chloroform is a narcotic and a suspected human carcinogen (1) , and a chloroform spill is cause for building evacuation and professional cleanup. All defatting steps and the handling of this reagent, such as measuring the volume to add to the test portion, must be performed in a fume hood. Although isopropanol, like chloroform, should be handled in a fume hood and disposed of as hazardous waste, specific health concerns associated with isopropanol exposure are not as severe. Also, chloroform is considerably more expensive than isopropanol. Finally, because the official method specifies 4 defatting steps and a rinsing step, whereas the proposed method specifies only 3 defatting steps, the time required to analyze a test sample by the proposed method is reduced by approximately 1 h, from 4.5 to 3.5 h.
The official method was adopted Official First Action after a collaborative study with ground oregano and an intralaboratory study with ground marjoram (2) . This method replaced a method that specified petroleum ether as the defatting agent. In the collaborative study, the average recoveries of elytral fragments and rodent hairs from ground oregano were 93.5 and 91.0%, respectively. On the basis of the raw data reported by Glaze (2) , the average recoveries of elytral fragments and rodent hairs from ground marjoram in the intralaboratory study were 98 and 94%, respectively. The proposed method should perform as well as or better than the official method.
Study Design
The study described in this paper was an intralaboratory study, with 2 analysts. The matrixes used were freshly ground oregano and marjoram obtained from a spice company. Each spice was from a single lot. Test portions were numbered from 1 to 40 for each spice. Test portions 1-20 were analyzed by the proposed method. Test portions 21-40 were analyzed by the official method. Each test portion consisted of 10 g spice that was weighed into a tin can and then spiked with elytral squares of Tribolium sp. and mouse hairs. The elytral squares were 0.5 mm in size and the mouse hairs were 1.5 mm in length. Each test portion was spiked with 5, 15, or 30 contaminants of each type, providing low, medium, and high spiking levels, respectively. In addition, for each set of 20 test portions to be analyzed by a single method there were 6 test portions at the low level and the high level and 8 test portions at the medium level. The Study Director prepared all the spikes and spiked all the test portions in the laboratory before any testing. All of the test portions were prepared at the same time. The analysts knew the spiking levels used, but they did not know the spiking levels of the individual test portions. All the test portions of a spice were analyzed, and recoveries were counted before any data analysis was performed.
METHOD

Procedure
Form filter paper cup, 400 mL-1 L, 945.75B(j), and weigh test portion into cup. Add 400 mL isopropanol to cup in beaker, and boil gently on hot plate in fume hood for 10 min. Transfer cup to Büchner funnel, and aspirate to a slow drip. Repeat boiling extraction twice with 400 mL isopropanol. Proceed with isolation step specified in Table 975 .49.
Safety Precautions
(1) Use a chemical fume hood during the defatting steps.
(2) Dispose of isopropanol as hazardous waste.
Critical Control Points
The laboratory sink should be large enough for the test portion to be washed properly without splashing.
Some residues tend to cling to the filter paper cup. This residue should be removed from the filter paper cup by thorough washing.
Statistical Analysis
Method performance is described by calculating the mean recovery and the between-sample standard deviation. The between-sample standard deviation is a measure of the increase in the variability of results over what would be expected if results for a given sample were randomly distributed as a bino- For each type of contaminant, the contaminant-sample percent recovery is calculated as 100 times the number of contaminants found divided by the number that were used to spike the sample. The contaminant mean recovery for a method is the weighted average of the contaminant-sample recoveries where the weight for each sample is equal to the number of contaminants that were used to spike the sample.
To characterize the between-sample standard deviation of the results for the methods, an analysis of variance (ANOVA) approach is used. In this approach, it is assumed that within a sample the distribution of the number of recovered contaminants for a given type of contaminant is a binomial distribution. Designate E(p) as the expected value of the percent recovery and σ p as the between-sample standard deviation. If p i is the mean recovery for the ith sample and n i is the number of contaminants used to spike the ith sample, i = 1, . . ., i, then the ANOVA model assumes that n i var(p i ) = E(p)(1 -E(p)) + n i σ p 2 . Define the relative weighted mean square error (RMSE) to be equal to ∑n i (p i -p) 2 / (i -1) divided by p(1 -p), where p is the mean recovery, ∑n i p i / i. By computing expected values, it can be shown (3) that the expected value of RMSE is approximately equal to the following:
An estimate of the relative between-sample standard deviation,
, is thus obtained by using the following equation:
where is the average of n i , and var(n) is the variance of n i over the i test portions.
Analysts' Comments
As part of the preliminary study, the laboratory performed a ruggedness test on the spices with retail test portions. The average recoveries from the ground oregano were 96.8% of the elytral fragments and 97.5% of the rodent hairs. The average recoveries from the ground marjoram were 99.3% of the elytral fragments and 91.2% of the rodent hairs.
By eliminating one step, the analytical time was reduced by about 1 h, from 4.5 to 3.5 h. Overall, the plates from both methods were free of spice material, i.e., the grid lines on the paper were clearly visible. The time needed to read the plates ranged from 4.0 to 6.5 min. 
Results and Discussion
From the outset, one test sample was eliminated from the data in the subsequent analyses. For this product, none of the 5 elytral fragments were recovered by the analyst when the official method was used. The likelihood of this happening, if the product were properly handled, is virtually zero, and thus it was assumed that this product was improperly handled or was mistakenly left unspiked.
As requested by AOAC INTERNATIONAL, means of the recoveries, repeatability and reproducibility standard deviations (s r and s R , respectively), and the corresponding coefficients of variations (RSD r and RSD R , respectively) were computed for aggregations of test portions defined by spike level, method, spice, and type of contaminant. These data are presented in Table 1 . The repeatability measure includes the between-sample-within-analyst effects, whereas the reproducibility measure also includes this effect in addition to the between-analyst effect. Because only 2 analysts were in the study, the measure of reproducibility is not statistically reliable. An ANOVA model of categorical data (PC-SAS ® ed. 6.12, PROC CATMOD) indicated that the spiking level was not statistically significant (P-value of about 0.20 for the various models). Consequently, statistical analysis was performed by pooling data across the different spiking levels.
Means of recoveries for different aggregations of data are provided in Table 2 . Table 2 shows that the mean recoveries for both contaminants were well above the proposed 90%; the mean for the elytral squares of Tribolium sp. was approximately 99%, and that for mouse hairs, 95%. Over all test portions, the mean recovery associated with the official method (97.7%) was similar to the mean recovery associated with the proposed method (97.2%). However, there is one ground oregano, analyzed by the first analyst using the proposed method, from which only 23 of the 30 spiked mouse hair contaminants were recovered. This result (23/30) can be considered an outlier because the probability of recovering ≤23 contaminants, assuming a 97% probability of recovering each contaminant and a binomial distribution, is <1/4000. Because there were 24 test portions in the study that had 30 contaminants, and for each product 2 types of contaminants were recovered, the probability of a result with lower recovery for 30 contaminants occurring in the study, given these assumptions, is <2%. Furthermore, among all results for products spiked with 30 contaminants, the next lowest percent recovery was 90% (recovery of 27 contaminants), which occurred 3 times among the 48 analyses. All the test portions containing 15 contaminants had recoveries of ≥80%, and among the test portions that had 5 contaminants only one had a recovery of <80%. From this one test sample, the analyst recovered 60% (isolating only 3 of the 5 contaminants). Thus, it appears that the test result of recovery of 23 of 30 contaminants is an unusual result and, for this reason, can be considered an outlier. When the result for this test sample is deleted, the mean recovery for the proposed method is 97.7% (Table 3) . Tables 4 and 5 present summaries of the mean recoveries from the 2 spices for the 2 types of contaminants, by analyst, for each of the 2 methods, with and without the outlier result, respectively. From these tables, it can be seen that there is no consistent analyst effect over the different types of test portions and contaminants. When the outlier result is included in the analyst/method interaction effect, controlling for the type of contaminant is statistically significant at about the 0.02 level, on the basis of an ANOVA model of categorical data (PC-SAS ® ed. 6.12, PROC CATMOD). However, when the outlier result is removed, the significance level of this interaction is 0.09, indicating just marginal statistical significance (relative to the usual acceptance value of 0.05). With the removal of the outlier result, all mean recoveries presented in Table 5 are >95%, well above the target of 90%. Table 6 presents the results of the estimated relative between-sample standard deviation for the various aggregations of data, similar to those of Table 2 . High values of this measure are associated with the first analyst. Over all test portions, the estimate of the relative between-sample standard deviation for the official method is 0.04, whereas that for the proposed method is 0.22. If in fact the "true" between-sample standard deviation were equal to zero, then, as determined by simulation, the expected value of the estimate of the relative between-sample standard deviation would be approximately 0.04, and the 99th percentile would be approximately 0.15. Therefore, for the official method, it appears that the relative between-sample standard deviation is small, and there does not appear to be any significant systematic factor contributing to the variability of results. However, for the proposed method this cannot be said. When the outlier result is deleted, the estimate of the relative between-sample standard deviation decreases to 0.14 ( Table 7) . This value represents the 97th percentile of the distribution of results that would be obtained if, in fact, the population of the between-sample standard deviation were zero. Thus, these results suggest that there is an unknown factor, perhaps associated with the first analyst, contributing systematically to the variability of the results obtained for the proposed method.
Recommendations
With this number of test portions, and the high numbers of contaminants recovered by the proposed and official methods, it is difficult to ascertain the significance of analyst effects or interaction among the methods, analysts, medium, and contaminants that might exist. In any case, for this study, the 2 methods appear on average to have similar recoveries. The standard deviation of the results obtained by the official method for test portions with a single contaminant is estimated to be (p(1 -p)) ½ , where p is the expected recovery, whereas for the proposed method the standard deviation is estimated to be about 20% higher when all results are included, and about 14% higher after the one outlier result is excluded. Even with the possible larger standard deviation estimated for the proposed method, the recoveries are sufficiently high to enable accurate analyses for its intended use. Based on the intralaboratory results, the Study Director recommends that the proposed modification be adopted First Action by AOAC INTERNATIONAL for ground oregano and ground marjoram.
